Evidence for sexual dimorphism in autonomic control of cardiovascular function is both compelling and confounding. Across healthy and disease populations sex-associated differences in neurocirculatory hemodynamics are far too complex to be entirely related to sex hormones. As an initial step toward identifying additional physiological mechanisms, we investigated whether there is a sex bias in the relative expression of low-threshold-myelinated and high-threshold-unmyelinated aortic baroreceptor afferents in rats. These two types of afferent fibers have markedly different reflexogenic effects upon heart rate and blood pressure and thus the potential impact upon baroreflex dynamics could be substantial. Our results, using a combination of a patch-clamp study of fluorescently identified aortic baroreceptor neurons (ABN) and morphometric analysis of aortic baroreceptor nerve fibers, demonstrate that females exhibit a greater percentage of myelinated baroreceptor fibers (24.8% vs. 18.7% of total baroreceptor fiber population, P Ͻ 0.01) and express a functional subtype of myelinated ABN rarely found in age-matched males (11% vs. 2.3%, n ϭ 107, P Ͻ 0.01). Interestingly, this neuronal phenotype is more prevalent in the general population of female vagal afferent neurons (17.7% vs. 3.8%, n ϭ 169, P Ͻ 0.01), and ovariectomy does not alter its expression but does lessen neuronal excitability. These data suggest there are fundamental neuroanatomical and electrophysiological differences between aortic baroreceptor afferents of female and male rats. Possible explanations are presented as to how such a greater prevalence of low-threshold myelinated afferents could be a contributing factor to the altered baroreflex sensitivity and vagal tone of females compared with males. baroreflex; vagus SEXUAL DIMORPHISM IN CARDIOVASCULAR function is well recognized (8). The underlying mechanisms for such sex differences are proving to be multifaceted, highly integrative, and well beyond the sphere of influence that can be merely attributed to the recognized effects of sex hormones (3, 17, 26) . This has presented considerable challenges to the effective management of cardiovascular health and disease in the female population (25, 32) . Notable examples are replete throughout the broad spectrum of clinical measures of autonomic nervous system function, many of which have proven to be markedly sexually dimorphic (4, 6).
SEXUAL DIMORPHISM IN CARDIOVASCULAR function is well recognized (8) . The underlying mechanisms for such sex differences are proving to be multifaceted, highly integrative, and well beyond the sphere of influence that can be merely attributed to the recognized effects of sex hormones (3, 17, 26) . This has presented considerable challenges to the effective management of cardiovascular health and disease in the female population (25, 32) . Notable examples are replete throughout the broad spectrum of clinical measures of autonomic nervous system function, many of which have proven to be markedly sexually dimorphic (4, 6) .
The cardiovagal baroreflex is critically important to the regulation of heart rate and blood pressure. As a result, baroreceptor reflex sensitivity (BRS) has been extensively studied across a wide range of cardiovascular pathologies with the prognostic value of BRS having been well demonstrated (13, 21) . There is a preponderance of evidence in the literature that BRS is lower in healthy, premenopausal women compared with healthy age-matched men (1, 3, 27) . Furthermore, BRS is markedly reduced in hypertensive compared with normotensive females, while no such, or a lesser, reduction occurs in hypertensive males (31) . Collectively, these data are consistent with evidence that across both healthy and hypertensive subjects vagal tone is greater in premenopausal females compared with age-matched males (4) . However, this issue remains controversial as some studies have shown no differences or even a greater BRS along with a reduced baseline cardiac vagal activity in females compared with males (5, 14, 33) . A mechanistic explanation for these differences and controversies remains elusive and is further complicated by the stark reflexogenic disparities between myelinated and unmyelinated vagal afferents. For example, myelinated arterial baroreceptor afferents exhibit far lower thresholds for pressure-dependent discharge than unmyelinated baroreceptor afferents but require substantially higher neural discharge frequencies to elicit a comparable bradycardic effect (11, 12) . While it is presently unknown whether there is a sex bias associated with the distribution of myelinated and unmyelinated baroreceptor afferents, this functional dichotomy of afferent fiber type has been shown to extend through to second-order brain stem circuitry (18) .
A recent study by Christou et al. (3) concluded that the differences in baroreflex buffering between men and women are "mediated by one or more currently undetermined differences in the afferent, central regulatory, or [autonomic nervous system] efferent elements of the baroreflexes." The current study was undertaken to definitively determine whether the electrophysiological and neuroanatomical properties of aortic baroreceptor afferents are sexually dimorphic. Our results, using age-matched female and male Sprague-Dawley rats, demonstrate marked differences in the functional characteristics and distribution of myelinated and unmyelinated baroreceptor afferent neurons and fibers between female and male Sprague-Dawley rats. Our data support the following four conclusions: 1) As a percentage of the total aortic baroreceptor fiber population, adult female Sprague-Dawley rats exhibit on average nearly 50% more myelinated baroreceptor fibers than age-matched males, 2) female Sprague-Dawley rats exhibit a functionally distinct subpopulation of low-threshold-activated myelinated baroreceptor afferent neurons that is rarely observed in male Sprague-Dawley rats, 3) this afferent neuronal phenotype is even more prevalent in the general population of vagal afferents of normal adult female Sprague-Dawley rats, and 4) that ovariectomy as a preweanling does not alter the relative expression of this functionally distinct subtype of myelinated afferent although neuronal excitability is greatly reduced. A greater percentage of low-threshold myelinated afferents may account for the presumed differences in baroreflex sensitivity and vagal tone in females compared with males (4, 17) .
MATERIALS AND METHODS
The materials and methods utilized for electrophysiological study are described in our earlier publications and are only briefly described here (10, 18, 24) . All animal use protocols were approved by the Institutional Animal Care and Use Committee of the School of Science, Indiana University Purdue University Indianapolis, and the School of Medical Science, Harbin Medical University. All electrophysiological and pharmacological studies were carried out at room temperatures using age-matched adult Sprague-Dawley rats (Harlan, IN). Comparative electrophysiological and pharmacological studies were also performed on a cohort of adult female Sprague-Dawley rats ovariectomized (OVX) as preweanlings by the vendor. Following dissection of the vagal ganglia, a necropsy was performed for anatomical validation of bilateral removal of the ovaries and the majority of the oviducts. Electron microscopy studies were carried out using age-matched female (n ϭ 6, 287 Ϯ 11 g, nonbreeder) and male (n ϭ 6, 330 Ϯ 15 g) Sprague-Dawley rats (Chinese Academy, Shanghai Laboratory Animal Center). Experimental data are presented as means Ϯ SD with significance (P Ͻ 0.05) assessed using a two-way Student's t-test or ANOVA where appropriate.
Fluorescent labeling of aortic baroreceptor neurons. Anesthesia: 10 ml ketamine (100 mg/ml) ϩ 1.4 ml xylazine (100 mg/ml) dosed 0.1 ml/100 g ip. Under aseptic conditions, the surgical area was shaved, skin was washed with benzalkonium chloride, and a ϳ2-cm incision was made along the left ventral side of the neck. Under stereomicroscopy, a blunt dissection of the underlying musculature exposed the left carotid artery and surrounding nerve fibers. Under higher magnification, the left aortic depressor nerve was identified. The aortic depressor nerve was separated from the vagus and sympathetic nerves and was placed in a 5-mm-long sterile silicon trough. A few crystals of the lipophilic fluorescent dye DiI (Molecular Probes) was placed on the aortic depressor nerve. The nerve, dye crystals, and trough were coated with ϳ0.3 ml of a peripheral nerve encapsulant (Kwik-Sil; World Precision Instruments). The area was rinsed with sterile saline, and the skin was closed using vicryl suture. The animal fully recovered before returning to the vivarium. At least 2 wk passed before the animal was considered fully healed and available for experimentation.
Enzymatic isolation of vagal afferent neurons from adult rat. In Sprague-Dawley rats the proximal vagal (jugular) and distal vagal (nodose) ganglia are not well distinguished, most often presenting as one elongated structure. It was this vagal ganglion that was dissected from adult rats (200 -350 g) under stereomicroscopy (ϫ40). The vagal ganglia was immediately placed in chilled (4 -8°C) nodose complete medium consisting of 90 ml of DME-F-12 medium (Sigma, St. Louis, MO), 5 ml of fetal bovine serum (Hyclone, Logan, UT), 1.0 ml of a penicillin and streptomycin solution containing 5,000 units and 5,000 g/ml, respectively (Invitrogen, Grand Island, NY), and 100 M of MITO ϩ serum extender (Collaborative Biomedical Products, Bedford, MA). The ganglia were then enzymatically treated by the application of 10 U/ml of papain (Worthington, Lakewood, NJ) at 37°C for 20 min, followed by 1 mg/ml of type II collagenase and 2.5 mg/ml of dispase (Roche) at 37°C for a additional 30 min. The enzyme solution was then replaced with nodose complete medium, and the ganglia was titrated with an aspiration pipette to free the cell bodies for plating onto a poly-D-lysine (0.5 mg/ml aqueous solution)-coated coverslip. The isolated nodose neurons were maintained in an incubation chamber (5% CO 2-95% air) at 37°C for at least 8 h but not more than 12 h prior to recording.
Patch-clamp electrophysiology and recording solutions. The whole cell patch technique was used for both current clamp and voltage clamp recording protocols using an Axoclamp 700A. The borosilicate glass pipettes (Sutter) were pulled and polished down to a resistance of 1-2 M⍀. Following a giga-ohm seal, the pipette capacitance was compensated. Upon going whole cell, the total cell capacitance (30 -70 pF) and electrode access resistance (3-5 M⍀) were also compensated 70 -80%. All current clamp protocols consisted of a sustained, small-magnitude current injection of between 10 and 50 pA to ensure that all stimulus-evoked action potential waveforms originated from the same Ϫ60 mV resting potential. Stimulus protocols consisted of 1) short 500-s current pulses of magnitude just sufficient to elicit an action potential waveform followed by several more pulses of increasing intensity delivered at 3-s intervals or 2) 600-ms step current injections of magnitude just sufficient to elicit discharge followed by several more steps at 3-s intervals of increasing intensity to assess capacity for repetitive discharge. All data were low-pass filtered to 10 KHz and digitized at 50 KHz. The experimental protocols, data collection, and preliminary analysis were carried out using pCLAMP 10 and the Digidata 1322A (Axon Instruments) operating on a personal computer platform.
For recording of somatic action potential waveforms, the extracellular solution consisted of (in mM): 137.0 NaCl, 5.4 KCl, 1.0 MgCl 2, 2.0 CaCl2, 10.0 glucose, 10.0 N-2-hydroxyethylpiperazine-NЈ-2-ethanesulfonic acid; and the pipette solution consisted of (in mM): 10.0 NaCl, 50.0 KCl, 50.0 K2SO4, 5.0 MgCl2. The pH for pipette and bath solutions were adjusted to 7.25 and 7.35, respectively, using 1 N pipes/KOH and 1 N NaOH. Osmolarity of the extracellular and intracellular solutions were adjusted using D-manitol (Sigma) to 310 -315 and 290 -295, respectively. Just prior to recording, the pipette solution was adjusted to include 2.0 mM Mg-ATP, 2.0 mM Na-GTP, along with 4.0 mM BAPTA-K/BAPTA-Na and 0.25 mM CaCl2 for a final buffered intracellular Ca 2ϩ concentration of 10 nM. Pharmacological and statistical classification of afferent fiber type. Select measures of somatic action potential wave shape were reliably used to classify an isolated neuron as being either an unmyelinated (C-type) or myelinated (Ah-type or A-type) afferent neuron. These measures are of the action potential firing threshold (APFT), the action potential upstroke velocity at 50% peak displacement (UVAPD50), and the action potential downstroke velocity at 50% peak displacement (DVAPD50). As detailed in Li and Schild (24) , this classification method was validated using measures of fiber conduction velocity (CV) along with a robust differential sensitivity to 10 M of the purinergic (P2X) receptor agonist ␣␤-mATP and 100 nM of the vanilloid receptor-1 agonist capsaicin (CAP). Specifically, neurons with myelinated axons were shown to be ␣␤-mATP positive (␣␤-mATPϩ) and CAP negative (CAPϪ), while neurons with unmyelinated axons were shown to be CAP positive (CAPϩ) and ␣␤-mATP negative (␣␤-mATPϪ). Furthermore, neurons with myelinated axons (A-type with fiber CV Ͼ 10 m/s and Ah-type with fiber CV Ͼ 3 m/s) exhibited somatic action potentials with significantly (P Ͻ 0.05) lower APFT and greater UVAPD50 than exhibited by somatic action potentials from neurons with unmyelinated axons (C-type with fiber CV Ͻ 2 m/s) (24) .
Preparation of aortic depressor nerve specimens for transmission electron microscopy. A distal (at clavicular level) segment of the aortic depressor nerve was dissected and immediately immersed in an aldehyde fixative consisting of modified Karnovsky's, (2% parafor-maldehye, 2% glutaraldehyde in 0.1 M phosphate buffer) for a minimum of 1 h. The specimen was then rinsed several times with PBS followed by postfixation with 1% osmium tetroxide in phosphate buffer for 1 h. Following an additional rinse in PBS for 15 min the specimen was dehydrated through a series of graded ethyl alcohols from 70% to 100% according to the following schedule: 70% for 10 min, 95% for 10 min, and three changes of 100% for 5 min each. After dehydration, the infiltration process required steps through an intermediate solvent that consisted of two changes of 100% propylene oxide for 15 min each and finally into a 50:50 mixture of propylene oxide and the embedding resin (Embed 812; Electron Microscopy Sciences, Fort Washington, PA) for 12 to 18 h. The specimen was transferred to fresh 100% embedding media for at least 1 h. The tissue was then embedded in a fresh change of 100% embedding media. Polymerization was carried out by 12-18 h at 60°C as a final step before sectioning.
The resin blocks containing the aortic depressor nerve were first thick sectioned at 1-2 with glass knives using an Ultracut UCT (Leica, Bannockburn, IL) and stained with Toluidine Blue. These sections were then used as a reference to trim blocks for thin sectioning. The blocks were then thin sectioned using a diamond knife (Diatome; Electron Microscopy Sciences) at 70 -90 nm (silver to pale gold using color interference), and sections were placed on either copper or nickel mesh grids. After drying on filter paper for a minimum of 1 h, the sections were stained with the heavy metals uranyl acetate and lead citrate for contrast. After drying, the grids were then viewed on a Tecnai BioTwin (FEI, Hillsboro, OR). Digital images were acquired with an charge-coupled device camera (Advanced Microscopy Techniques, Danvers, MA) and stored on a CD for later analysis.
Morphological analysis of aortic depressor nerve cross sections. The digital images of each cross section of the aortic depressor nerve was presented in an eight-bit grayscale format. A luminosity histogram of each image was used to guide the fine adjustment of the image so that the dark myelin was in greater contrast to the surrounding tissues. Photoshop (version 7, Adobe) was used to manually identify the dark myelin surrounding each A-or Ah-type axon with the luminosity tolerance set at 40. Occasionally, a few pixels inside the myelin that were not picked up automatically by the wand tool were selected manually. All myelinated regions were transformed to black with other regions left as white. In this manner, the black-andwhite pixel counts could be used to calculate the geometrical area of the myelin and encapsulated axon by using customized routines developed under MATLAB (version 7.2, MathWorks). The G ratio was then calculated as the square root of the area ratio between the axon and the sum of the axon and myelin area.
RESULTS
A combination of patch-clamp electrophysiological, pharmacological, statistical, and electron microscopic techniques were utilized to test the following null hypothesis: that no measurable electrophysiological and neuroanatomical differences exist between the distributions of myelinated and unmyelinated aortic baroreceptor afferents from male and female Sprague-Dawley adult rats. The same null hypothesis was tested using a large population of vagal afferent cell bodies of unknown sensory modality of which some were presumably of cardiovascular origin. No attempt was made to control for phase of female estrus cycle beyond the inclusion of a cohort of vendor supplied OVX female rats that were subject to the same electrophysiological and pharmacological studies. Comparative analyses of these data increased the rigor of our hypothesis test by identifying any statistically significant differences between the populations of baroreceptor afferent neurons from the OVX and intact female and male populations, as well as helping to clarify the potential neurobiological, neuroanatomical, and hormonal factors contributing to population differences.
Fluorescent identification of ABN. Retrograde transport of the lipophillic fluorescent indicator DiI (Molecular Probes) along the aortic depressor nerve made possible the identification of ABN (Fig. 1, arrow) from the general population of unlabeled vagal afferent neurons (VGN) of unknown sensory modality.
Functional classification of vagal neurons as either myelinated or unmyelinated afferents. Using an intact vagal ganglion preparation suitable for measure of fiber CV, we have previously shown that a combination of unique electrophysiological and pharmacological characteristics can reliably classify isolated vagal neurons as either myelinated or unmyelinated afferents (18, 23, 24) . Here, we begin our presentation of results by first classifying all isolated neurons (n ϭ 277) as either a myelinated or an unmyelinated afferent, regardless of the sensory modality or sex of origin.
Whole cell patch-clamp electrophysiology was carried out in current clamp mode and revealed three distinct phenotypes of somatic action potential waveforms (Fig. 2) . A brief current pulse (500 s) elicited somatic action potentials that could be grouped according to collective measures of APFT, UV APD50 , and DV APD50 . Myelinated afferent neurons classified as A-type ( Fig. 2A , n ϭ 45) exhibited low-threshold (Ϫ44.0 Ϯ 3 mV), brief-duration (0.85 Ϯ 0.2 ms), somatic action potentials. All A-type ABN and VGN exhibited a large inward current in response to 10 M of the purinergic (P2X) receptor agonist ␣␤-mATP, but no response to 100 nM of CAP. Depolarizing step current injections of 300 pA consistently evoked highfrequency action potential discharge (48.3 Ϯ 9 Hz). All ABN and VGN myelinated afferent neurons classified as Ah-type (Fig. 2B , n ϭ 27) exhibited somatic action potentials with significantly (P Ͻ 0.01) more depolarized thresholds (Ϫ36.3 Ϯ 4 mV) and broader durations (1.95 Ϯ 0.3 ms) than A-type cells but with a nearly identical differential chemosensitivity to ␣␤-mATP and CAP, i.e., 22 of 27 Ah-type vagal neurons were ␣␤-mATPϩ and CAPϪ, where positive and negative modifiers indicate that the agonist did (ϩ) or did not (Ϫ), respec- tively, elicit an inward receptor current. The chemosensitivities of the remaining Ah-type neurons were as follows: 2 of 27 were ␣␤-mATPϩ and CAPϩ, 2 of 27 were ␣␤-mATPϪ and CAPϪ, while only 1 of 27 was ␣␤-mATPϪ and CAPϩ. Depolarizing step current injections of 300 pA also evoked high-frequency repetitive discharge from Ah-type neurons but at about one-third the frequency (16.28 Ϯ 6.38 Hz, P Ͻ 0.01) of myelinated A-type neurons. Stimulus currents Ͼ 300 pA evoked higher repetitive discharge frequencies but never to the extent exhibited by A-type neurons. Unmyelinated afferent neurons classified as C-type (Fig. 2C , n ϭ 205) exhibited somatic action potentials with significantly more depolarized thresholds (Ϫ26.3 Ϯ 3 mV, P Ͻ 0.01) and broad duration (2.74 Ϯ 0.5 ms, P Ͻ 0.01) along with a marked differential chemosensitivity to ␣␤-mATP and CAP nearly identical, albeit of opposite polarity, to that of A-and Ah-type vagal neurons, i.e., 194 of 205 C-type vagal neurons were ␣␤-mATPϪ and CAPϩ. The chemosensitivities of the remaining C-type vagal neurons were as follows: 5 of 204 were ␣␤-mATPϩ and CAPϩ, 4 of 205 were ␣␤-mATPϪ and CAPϪ, while 2 of 205 were ␣␤-mATPϩ and CAPϪ. Depolarizing step current injections of 600 pA evoked somatic action potential discharge frequencies from C-type vagal neurons that were significantly slower than the repetitive discharge rate of myelinated A-and Ah-type afferents (1.13 Ϯ 0.4 Hz, P Ͻ 0.01). These data are presented in a more complete form according to sex and afferent classification as an ABN or VGN in Table 1 .
Cluster analysis of electrophysiological measures according to sensory modality and sex. The first test of our null hypothesis was carried out using a proven method of statistical analysis for reliable classification of afferent fiber type (24) (Fig. 2) along with further segregation of the data as being either a fluorescently identified ABN or a VGN of unknown sensory modality along with further delineation according to sex (Fig. 3, Table 2 ). These data present two robust observations that suggest statistically significant differences in the distribution of myelinated and unmyelinated afferents across male and female populations of Sprague-Dawley rats. First, based upon a cluster analysis from measures of APFT, UV APD50 , and DV APD50 , the populations of afferent neurons from female Sprague-Dawley rats of both ABN and unidentified VGN sensory modalities could be reliably organized into three statistically distinct (P Ͻ 0.05), nonoverlapping, and functionally unique populations of myelinated (A-and Ahtype) and unmyelinated (C-type) afferents. In stark contrast, the same cluster analysis of ABN and VGN populations from male Sprague-Dawley rats could at best be only separated into two statistically distinct (P Ͻ 0.05), nonoverlapping, and functionally unique populations of myelinated (A-type) and unmyelinated (C-type) afferents. All available manipulations of the search algorithms and weighing factors failed to realize three nonoverlapping subpopulations of ABN or VGN from male Sprague-Dawley rats. The few outliers beyond the spheres that demarcate 2 SD from the cluster centroid are the few ABN and VGN myelinated afferents that closely approximated either the electrophysiological or pharmacological phenotype of Ah-type myelinated afferents in male SpragueDawley rats, which was quite rare, i.e., only 4 of the 123 neurons from male Sprague-Dawley rats were classified as Ah-type compared with 23 of 154 neurons from female Sprague-Dawley rats (Figs. 2 and 3) . The second observation concerns data from female Sprague-Dawley rats that presented a stark difference in the separation of the clustered populations of A-, Ah-, and C-type ABN compared with the separation of the same subpopulations across the general population of VGN (Fig. 3, left) . While nonoverlapping (P Ͻ 0.05) clusters of the three VGN subpopulations from female Sprague-Dawley rats could not be supported beyond spheres that demarcate 2 SD from the cluster centroid, cluster centroids of the three ABN subpopulations were separated by more than 3 SD (P Ͻ 0.01). For these and most other measures of action potential, waveshape ABN exhibited coefficients of variation that were considerably smaller than the statistical dispersion exhibited by the general population of VGN (Table 1) . Presumably this came about, at least in part, because of the functional specificity of the population of ABN compared with the population of VGN of unknown sensory modality.
Sexual dimorphism across myelinated and unmyelinated VGN. Consistent with the cluster analysis of ABN, a closer examination of the subpopulations demonstrated that myelinated Ah-type afferents were nearly five times more prevalent in female compared with male Sprague-Dawley rats (Fig. 4) . Myelinated Ah-type afferents comprised 11% of the total population of ABN from females but only 2.3% from males. Because the percentages of myelinated A-type ABN were comparable for male and female Sprague-Dawley rats, a greater propensity for Ah-type myelinated afferents meant that there were nearly 1.5 times more myelinated afferents across the total population of ABN from female compared with male Sprague-Dawley rats, i.e., myelinated afferents comprised 26.6% of the total population of ABN from female compared with 18.2% in males. This prevalence for greater a percentage of myelinated and, in particular, Ah-type myelinated afferent neurons in female compared with male Sprague-Dawley rats, also extended to the general population of VGN, albeit with a slightly greater incidence of myelinated Ah-type afferents (Fig.  4) . Here, one-third of VGN from female rats were myelinated afferents compared with about one-fifth in males (33.3% vs. 21.5%, P Ͻ 0.01). Again, this increase was entirely due to the presence of myelinated Ah-type VGN, which again were nearly five times more prevalent in females than in males (17.7% vs. 3.8%, P Ͻ 0.01).
Ovariectomy lessens excitability of myelinated Ah-type vagal neurons but not prevalence. A cohort of preweanling OVX female Sprague-Dawley rats (n ϭ 4) were supplied by the vendor (Harlan) and allowed to grow in-house until reaching ϳ150 g after ϳ45 days of age. The bilateral vagal ganglia were prepared for electrophysiological study, and the same methodologies were carried out for classification of each VGN (n ϭ 64) as either a myelinated A-type, Ah-type, or an unmyelinated C-type afferent (see Figs. 2-4) . As with the population of female Sprague-Dawley rats of unknown phase in the estrus cycle, myelinated VGN afferent neurons from OVX females represented approximately one-third of the total afferent neuron population, i.e., 34.4% were either myelinated A-or Ah-type VGN. Likewise, Ah-type myelinated afferents from Data are means Ϯ SD. Inward currents were positive (ϩ) or negative (Ϫ) elicited by 10 M ␣␤-mATP or 100 nM capsaicin (CAP). RMP, resting membrane potential; APFT, action potential firing threshold; APPeak, action potential peak; APD50, AP duration at 50% deflection; AHPPeak, peak after hyperpolarization; AHP80, time for recovery to within 80% of RMP from AHPPeak; UVAPD50, upstroke velocity as measured at APD50; DVAPD50, downstroke velocity as measured at APD50. *P Ͻ 0.05, †P Ͻ 0.01 for A-type vs. Ah-type; and ‡P Ͻ 0.05, §P Ͻ 0.01 for Ah-type vs. C-type.
OVX rats comprised slightly more than one-half of the total population of myelinated VGN (Fig. 5) . Although Ah-type VGN from OVX continued to exhibit all the markers of myelinated afferents, i.e., ␣␤-mATPϩ, CAPϪ, low APFT, and high UV APD50 , sustained repetitive discharge was no longer observed (Fig. 5, bottom traces) . The 300 pA step depolarizations that consistently elicited repetitive discharge from Ahtype afferents in normal females would, at most, evoke a single spike from Ah-type VGN of OVX females, although there were no obvious changes in measures of action potential wave shape, such as APFT. Greater stimulus current intensities evoked only short bursts of action potential discharge that never lasted more than 200 -300 ms. Interestingly, no such changes in excitability were observed in the population myelinated A-type and unmyelinated C-type VGN from OVX females.
Morphological differences between aortic depressor nerves of male and female rats.
Electron microscopic examination and morphological analysis of aortic depressor nerve from agematched female (n ϭ 6, 287 Ϯ 11 g) and male (n ϭ 6, 330 Ϯ 15 g) Sprague-Dawley rats revealed a number of neuroanatomical differences (Fig. 6, Table 2 ). The most visually striking being the significantly smaller aortic depressor nerve diameter from female compared with male rats (32.1 Ϯ 7 m vs. 46.0 Ϯ Fig. 4 . Distribution summary for ABN (top) and vagal ganglia neurons of unknown sensory modality (VGN, bottom) functionally classified as either myelinated A-type or Ah-type or unmyelinated C-type afferent neurons (see Figs. 2 and 3) . Female Sprague-Dawley rats consistently showed a much greater propensity for myelinated Ah-type afferent neurons than males. Across the total population of ABN and VGN in females 27% and 33%, respectively, were myelinated afferents, while in males myelinated afferent neurons comprised only about one-fifth of the total population of ABN and VGN. (Fig. 2 ) from identified ABN (top) and vagal ganglia neurons (VGN; bottom) of unknown sensory modality. Each sphere demarcates 2 SD from the cluster centroid. Cluster analyses of neurons from female rats showed three statistically distinct (P Ͻ 0.05) subpopulations of afferents (A-, Ah-, and C-type), while the same analyses of afferent neurons from male rats could support only two statistically distinct subpopulations (P Ͻ 0.05). Interestingly, the three subpopulations of ABN (top, left) from females were separated by more than 3 SD from the centroid of the clusters (P Ͻ 0.01). DVAPD50, action potential downstroke velocity at 50% peak displacement; APFT, action potential firing threshold; UVAPD50, action potential upstroke velocity at 50% peak displacement. Data are presented as means Ϯ SD of age-matched adult female (287 Ϯ 11 g, n ϭ 6) and male (330 Ϯ 15 g, n ϭ 6) Sprague-Dawley rats. *P Ͻ 0.01 vs. male. 5 m, P Ͻ 0.01). The average numbers of both myelinated and unmyelinated aortic baroreceptor fibers, consistent with a smaller cross-sectional area, were markedly lower in females compared with males, i.e., 72.8 Ϯ 11 vs. 103.5 Ϯ 20 myelinated fibers and 221 Ϯ 36 vs. 450 Ϯ 60 unmyelinated fibers, both P Ͻ 0.01. An examination of myelination and axon diameter for baroreceptor fibers from female (n ϭ 405 fibers) and male (n ϭ 564 fibers) rats exhibited a slightly smaller, albeit significant (P Ͻ 0.05), average G ratio of 0.52 Ϯ 0.08 vs. 0.54 Ϯ 0.09, respectively (Fig. 7) . The distribution frequency of myelinated axon diameters was centered at a significantly lower mean value for females compared with males; 1.14 Ϯ 0.09 m vs. 1.36 Ϯ 0.17 m, respectively with P Ͻ 0.05. Both distributions of fiber diameters were decidedly normal (r 2 Ͼ 0.95). Interestingly, the coefficient of variation, i.e., ratio of the SD to the mean, for male axon diameters was nearly 60% larger than that for female axon diameters as evidenced by the spread of the two frequency histograms (Figs. 7, C and D) .
DISCUSSION
In this study, we have shown that across the total population of aortic baroreceptor afferents, female Sprague-Dawley rats (n ϭ 6, Figs. 6 and 7, Table 2 ) exhibit a significantly greater percentage of myelinated baroreceptor fibers than age-matched males (24.8% vs. 18.7%, P Ͻ 0.01). An examination of fluorescently identified ABN (Fig. 1 ) from age-matched female (n ϭ 64 ABN) and male (n ϭ 44 ABN) Sprague-Dawley rats showed a markedly similar sex bias toward myelinated afferents (26.6% vs. 18.2%, P Ͻ 0.01). Electrophysiological and pharmacological examination of all these cells revealed that the myelinated ABN from females was comprised of two functionally distinct populations of A-and Ah-type ABN (Fig. 2) , while males essentially exhibited only A-type ABN, i.e., only one of forty-four ABN from males was functionally classified as a myelinated Ah-type (Figs. 3 and 4) . Interestingly, A-type ABN presented with nearly the same relative frequency in females and males; 15.6% and 15.9%, respectively, of the total neuron populations. All A-type ABN discharged repetitively at ϳ48 Hz in response to 300 pA depolarizing step currents. Between sexes, no statistical difference was found across a broad range of action potential wave shape characteristics and differential sensitivity to ␣␤-mATP and CAP ( Table 1 ). The 5 . From a cohort of ovariectomized (OVX) female rats, the sample population of VGN (n ϭ 64) continued to reveal three distinct subpopulations of afferents with the distributions of the myelinated A-type and Ah-type and unmyelinated C-type afferent neurons being nearly identical to those from normal female rats (see Figs. 2-4) . Waveform traces are from a representative myelinated Ah-type VGN following ovariectomy in response to step-depolarizing currents of 300 pA and 500 pA, respectively. Compare this reduced excitability with that of myelinated Ah-type neurons from normal female rats presented in Fig. 2B . Fig. 6 . Electron microscopic image of the cross section of a left aortic depressor nerve from age-matched adult female (A) and male (B) SpragueDawley rats. The aortic depressor nerve (ADN) diameter was significantly smaller (P Ͻ 0.01) across the population of age-matched female (n ϭ 6) compared with male (n ϭ 6) Sprague-Dawley rats. See (Morphological differences between aortic depressor nerves of male and female rats) for summary and comparison of morphometric measures. Magnification, ϫ1500; scale bar, 5.0 m for both images.
Ah-type ABN in females represented 11% of the total neuron population. As with the A-type ABN, this unique subtype of myelinated afferent also discharged repetitively but at a lower frequency of ϳ15-20 Hz at 300 pA. Greater magnitude step currents could elicit higher discharge frequencies but never to the extent observed in A-type ABN. Interestingly, Ah-type ABN exhibited many wave shape characteristics typical of unmyelinated C-type ABN, e.g., broad duration action potentials, an inflection along the action potential downstroke and prominent afterhyperpolarization (compare Fig. 2, B and C) . However, unlike the low-threshold, repetitively discharging, Ah-type ABN, unmyelinated C-type ABN exhibited very low discharge frequencies of just a few hertz and often responded to step current magnitudes as high as 600 pA with short bursts of action potential discharge. As with the A-type myelinated ABN, there was no statistical difference between the female and male populations of unmyelinated C-type ABN (Table 1) . However, on account of a greater percentage of myelinated ABN in females compared with males, the relative population of unmyelinated ABN in females was proportionately less than in males (73.4% vs. 81.8%) as was the case for unmyelinated fibers in the aortic depressor nerve (75.2% vs. 81.3% of the total population of baroreceptor fibers).
Morphological evidence for sex bias toward low-threshold myelinated baroreceptors. Our morphological data from male Sprague-Dawley rats, such as fiber number, myelinated axon diameter, and G ratio are quite consistent with a detailed quantitative study from Fazan et al. (12a) , which also showed that myelinated axons in the aortic depressor nerve of male rats comprise no more than 17-19% of the total fiber population ( Table 2 , Fig. 7 ). As the aortic depressor nerve samples from age-matched male and female rats were processed and analyzed in an identical manner, it is unlikely that the morphological differences between aortic depressor nerve of female and male rats are the result of methodological bias. To date, there has been only a single published report quantifying the histological characteristics of the aortic depressor nerve in adult female Sprague-Dawley rats (37) . Although this study by Yamasaki et al. (37) centered around the effects of microgravity upon nerve histology, the control group showed morphological characteristics such as fiber number, diameter, and G ratio that were similar to our data, e.g., the control group exhibited percentages of myelinated (ϳ26%) and unmyelinated (ϳ74%) fibers similar to our own (Table 2, Fig. 7) . In all cases, a distal nerve segment was dissected near the clavicular level, and yet the aortic depressor nerve cross sections from female Sprague-Dawley rats were consistently of smaller diameter and on average contained far fewer total baroreceptor fibers than age-matched males (Figs. 6 and 7, Table 2 ). Furthermore, it is notable that the population of fluorescently identified ABN (Figs. 1 and 4 ) from females compared with males exhibited a quantitatively similar bias toward myelinated afferents (26.6% vs. 18.2%). Collectively, these data are highly suggestive of an elevated afferent drive in the aortic depressor nerve of female compared with male rats. It remains to be determined how such an increased afferent baroreceptor drive may impact the efferent autonomic function of the aortic baroreceptor reflex and whether this may present with a sex bias.
Sex bias toward low-threshold myelinated baroreceptor afferents: implications concerning baroreflex function.
In rat, the aortic depressor nerve contains baroreceptor afferent fibers that solely elicit the baroreflex responses of hypotension and respiratory suppression with no functional evidence for chemoreflexive responses (19) . To date, the most definitive physiological explanation of the afferent aspects of the aortic baroreflex comes about through classification of baroreceptors as having either myelinated or unmyelinated axons. These two types of baroreceptor fibers have markedly dissimilar pressure-discharge characteristics and frequency-dependent reflex responses (11, 12) . Myelinated baroreceptors are generally active at normal arterial pressures and exhibit stable discharge frequencies that robustly correlate with arterial hemodynamics. In stark contrast, unmyelinated baroreceptors generally require more elevated arterial pressures for activation and exhibit irregular discharge frequencies not well correlated with arterial hemodynamics (20) .
Regardless of fiber type, the net effect of baroreceptor activation is an elevation of the parasympathetic and inhibition of the sympathetic autonomic pathways for neurocirculatory control. Our electrophysiological data shows that females have a greater percentage of low-threshold myelinated ABN than males. This increase comes almost entirely from the population of myelinated Ah-type afferents that exhibit far lower discharge thresholds and a much greater propensity for repetitive discharge than unmyelinated C-type ABN (Figs. 2-4) . Likewise, our morphological data from aortic depressor nerve demonstrates a significant bias toward a greater percentage of myelinated baroreceptor fibers in females compared with agematched males (Table 2) . Although as yet unproven, it is reasonable to speculate from these in vitro data that female Sprague-Dawley rats may have a greater percentage of lowpressure-threshold myelinated aortic baroreceptor functioning in vivo than male Sprague-Dawley rats. This would imply that for comparable arterial pressures, females may have a greater percentage of repetitively discharging aortic depressor nerve fibers driving centrally mediated baroreflex pathways than males. We postulate that such an elevated barosensory drive may account for, at least in part, the observed lower mean arterial pressure and reduced tonic sympathoadrenal activityrelated autonomic support of blood pressure in females compared with males (16, 33) .
There are a multitude of anatomical, physiological, and biochemical factors that contribute to the well-recognized differences in short-and long-term regulation of arterial blood pressure between premenopausal women and men (7) . However, there are compelling data in the literature consistent with a role for elevated baroreceptor drive underlying, at least in part, the sex differences in autonomic control of cardiovascular function. It has been reported that BRS is lower in healthy, premenopausal women compared with healthy, age-matched men (1, 3) . Furthermore, parasympathetic markers for heart rate variability are greater and BRS is even further reduced in hypertensive compared with normotensive females, while such changes in hypertensive males did not achieve statistical significance (31) . A baroreceptor-mediated elevation in parasympathetic drive and concomitant reduction in activity of sympathetic pathways could be an important factor contributing to the blunted BRS of females compared with males. Likewise, a myelinated baroreceptor-mediated bias toward lower tonic au-tonomic support of blood pressure could contribute to the lower resting blood pressure levels of premenopausal women (3, 15) . It is important to note, however, that some studies have shown similar and even a greater BRS along with a reduced baseline cardiac vagal activity in females compared with males (5, 14, 33) . Such observations require an alternative interpretation of our data concerning baroreflex function, perhaps implicating sex-associated differences in baroreceptor resetting as a result of the increased prevalence of myelinated afferent fibers in females.
During elevations in arterial pressure, arterial baroreceptors and the baroreflex reset by way of peripheral and central mechanisms, respectively, such that the set point for pressure control shifts toward the higher arterial pressure (2, 9). Common to both mechanisms is an initial elevation in baroreceptor discharge. In peripheral resetting, the pressure threshold for baroreceptor discharge adapts in a manner that reduces net afferent activity so as to retain the capacity for dynamic encoding of changing arterial pressure (35) . Evidence from animal studies indicate that myelinated baroreceptor afferents reset to a greater degree than unmyelinated (30, 34) . Our data from female rats would suggest that with peripheral resetting, a greater percentage of low pressure threshold myelinated afferent fibers would still be available to respond to increases in arterial pressure. Such increased capacity may account for observations of increased BRS in females compared with males. In central resetting, adjustments to elevated afferent discharge comes about through neuromodulation of the responsiveness of barosensitive neurons in the central nervous system (9) . Our data demonstrating a greater percentage of lowpressure-threshold myelinated baroreceptor fibers and ABN in females therefore may potentially offer an afferent-mediated explanation for those studies indicating greater resetting of the arterial baroreflex in hypertensive females compared with agematched males (27, 31) . More low-threshold myelinated afferent fibers in female rats may also suggest an increased capacity to compensate for both transient and sustained increases in arterial pressure compared with males. Which would be consistent with data from some laboratories suggesting increased BRS in females (5, 14) .
Myelinated Ah-type VGN from intact and OVX female rats: physiological implications. Interestingly, the bias toward a greater percentage of myelinated baroreceptor afferents in females compared with males was present to an even greater extent in a sampled population of VGN of unknown sensory modality (33.3 vs. 21.5%, P Ͻ 0.01, see Figs. 3 and 4) . While these percentages are likely somewhat influenced by differences in visceral anatomy, the data strongly demonstrate that Ah-type-myelinated VGN are again more prevalent in females compared with males (17.7% vs. 3.8%, P Ͻ 0.01, see Figs. 3 and 4). Furthermore, OVX female rats as preweanlings presented myelinated A-type (15.6%) and Ah-type (18.8%) and unmyelinated C-type (65.6%) VGN with nearly the same frequency as the sample population of VGN from female rats of unknown phase of estrus. These data from OVX females suggest there are fundamental neuroanatomical and electrophysiological differences between myelinated vagal afferents of female and male rats. At present, it is unknown whether the aortic depressor nerve in OVX females exhibits any significant morphological changes. The similarity in the distributions of myelinated A-type and Ah-type and unmyelinated C-type VGN between normal and OVX female populations (Figs. 4 and 5) and our inability to discriminate any bimodal distribution in diameter and G ratio of myelinated aortic depressor nerve fibers suggest that any potential neuroanatomical changes may require a more rigorous histological examination. However, a lower G ratio combined with a lower mean axon diameter suggests there exists a greater percentage of myelin per ADN fiber in females than males (Fig. 7) . A range of neuroactive steroids, including estrogen, have been shown to impart a protective effect upon peripheral nerve integrity and in particular Schwann cells (22) . Therefore, sustained loss of female sex hormones, as a result of OVX, could potentially have an impact on baroreceptor fiber function. Perhaps presenting as a reduction in membrane excitability (Fig. 5) or potentially a reduction in fiber CV. Interestingly, it has been shown that acute injection of 17␤-estradiol enhances cardiovascular reflexes and autonomic tone in OVX female rats. (29) While it was unclear whether the effect was peripherally or centrally mediated, further investigation of the potential effects this estrogen hormone receptor agonist may have upon the excitability of Ah-type baroreceptor afferents in OVX females is warranted.
It is well recognized that myelinated mechanoreceptors innervating the heart and other visceral organs exhibit lower thresholds for physiological activation than unmyelinated mechanosensitive afferents (see Ref. 36 for a review). Our experimental observations are consistent with evidence that across both healthy and hypertensive subjects vagal tone is greater in premenopausal females compared with age-matched males (4). Furthermore, OVX female rats exhibit enhanced sympathetic activation and attenuated vagal tone (7), which would be consistent with our observed reduction in excitability of myelinated Ah-type VGN from OVX females (Fig. 5) . Interestingly, both fluorescently identified ABN and VGN were in culture media that lacked such hormones for at least 10 to 12 h prior to study, and yet, low stimulus current magnitudes would still evoke repetitive discharge from myelinated Ah-type afferent neurons, albeit at lower frequencies than for myelinated A-type afferent neurons (Fig. 2) . Certainly, arterial blood pressure does not abruptly increase with loss of estrogen at the menopause and nonhormonal mechanisms (e.g., diminished aortic distensibility) are also contributing factors in the development of hypertension in women (28) . However, the molecular and cellular basis of cardiovascular sex differences in both health and disease span a broad spectrum of genomic and nongenomic mechanisms (26) . We contend that, collectively, our electrophysiological and neuroanatomical data are consistent with a hypothesis that elevated baroreceptor and vagal drive via low-threshold myelinated afferent fibers are a contributing factor to the sexual dimorphism in cardiovascular function.
Perspectives and Significance
In the aortic depressor nerve of Sprague-Dawley rats, myelinated baroreceptor afferent fibers are more prevalent in females than in males. In female rats, the neuronal cell bodies that give rise to these myelinated axons are comprised of two functionally distinct afferent phenotypes. Myelinated A-type ABN from male and female rats exhibit discharge characteristics and relative percentages that are quite similar between males and females (Figs. 2-4) , whereas myelinated Ah-type ABN are rarely found in males and represent nearly the entirety of the increase in the population of myelinated afferents in females. This sex bias toward lower threshold Ah-type-myelinated afferents also extends to VGN of unknown sensory modality. Loss of sex hormones through OVX does not alter the relative expression of myelinated A-type and Ah-type and unmyelinated C-type VGN but apparently does bring about a reduction in the excitability of myelinated Ah-type VGN without measurably effecting the excitability of the myelinated A-type and unmyelinated C-type afferent VGN populations. Elucidation of the potential ionic channel mechanisms that may contribute to the observed reduction in myelinated Ah-type afferent excitability in OVX females will require further electrophysiological study. Likewise, correlative studies of baroreflex control of heart rate and blood pressure using intact and OVX female rats could help clarify the integrated physiological significance of this unique sex-specific subtype of myelinated baroreceptor afferent.
